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1.0INTRODUCTION AND DE SCRIPTION OF THE WATERSHED

Brush Lake located3 milesnorthof Mercer, ND (Figure 1)js a200 acre multipurposeatural
lake formed as the result of glacial melting and outwhiEbDoH, 1993)

The recreational opportunities &nush Lakencludefishing, boating, and swimmingBrush

Lakeds recreational area is public friendly wit
parking (Figure 2) Public use oBrush Lakes heavy in the summedepending on water

quality and the productivity of thesthery NDDoH, 1993)

Table 1. General Characteristics of Brush Lake and the Brush Lake Watershed.

Legal Name Brush Lake

Major Drainage Basin Missouri RiverBasin
Nearest Municipality Mercer, North Dakota
Assessment Unit ID ND-10130101002-L_00
County Location McLeanCounty
Physiographic Region Missouri Coteau
Watershed Area 65,600acres

Surface Area 200acres

Average Depth 10.6feet

Maximum Depth 21.8feet

Volume 2,377.7acrelfeet
Tributaries Unnamed Tributary
Type of Waterbody Naturali glacial formed
Dam Type None

Fishery Type Northern Pike, Walleye, Perch, Bluegill

1 ~

J
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Figure 1. General Location of the Brush Lake and the Brush LakeWatershed.
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Figure 3 shows that the Brush Lakatershed is split, with the easteand western portions of

the watershed in thdissouri Coteauevel IV ecoregior(42a)and the middle portions,

containing the main drainage to Brush Lake in the Collapsed Glacial Outwash level IV ecoregion
(42b). The eeasknown as the th€ollapsed Gleial Outwashwasformed from gravel and sand
deposited by glacial meltwater and precipitation runoff over stagnantiaay large, shallow

lakes are found in these areahelakes and wetlands this aredgend to be slightly to very

alkaline dependingpon the flowpath of groundwater moving through the permeable outwash
deposits. They attract birds preferring large areas of open water, such as white pelicans, black
terns, and Forster's terns, as well as those living in brackish water, such as anbtigidra
swansSimilarly, the rolling hummocks of the Missouri Coteau enclose countless wetland
depressions or potholes. During its slow retreat, the Wisconsinan glacier stalled on the Missouri
escarpment for thousands of years, melting slowly beneatméle of sediment to create the
characteristic pothole topography of the Coteau. The wetlands of the Missouri Coteau and the
neighboring prairie pothole regions are the major waterfowl production areas in North America.
Land use on the coteau is a mixtofdilled agriculture in flatter areas and grazing land on

steeper slope@JSGS, 2006)

WrATIOW
L M 1 1

Brush Lake

McLean County

e
R A FEED
2
e e Fy [
- Wget L

Map Features
£ BoatRamp
5 Fishing Pier
[#@ Vaut Toket
= Max Depth
~ 3 contours
B o3 w1215 |
| £ 36 mms1s ()
| =8 6o mmis21 *\\
| BN 312 gy 21 .
150

100%4

Lake

Figure 2. North Dakota Game and Fish Contour M

WO 4TATW 100

ap of Brush



Brush Lake Nutrient and Dissolved Oxygen TMDLs Final: November 2012

Page3 of 26
‘ | N
|
/ r ii
i \\% E
|
i S
|
. il
|
|
/ 42a
N |
42b !
@Turtle Lake Brush Lake : v
| Level IV EcoRegions
\ \/J\ ,’ B 2=
I
i 42b
3 &\ ! 42¢
B 4Pc \/f ) j \ ’[
/ 5 OMercer | Brush Lake Watershed
\ ; \\ = ' : 101301010303
J \
|
~5 i : r .

Figure 3. Level IV Ecoregions in theBrush Lake Watershed

1.1Clean Water Act Section 303(d) Listing Information

As part of the 202 Section 303(d) List of Impaired Waters Need Total Maximum Daily
Loads (i.e., 202 TMDL List), the North Dakota Department of Health (NDDoH) has

assesseBrushlLakeas Aful ly bBuppbhteagenedo (i .e., i
ot her aquatic biotao (i (NDDgH,281Q)ultshouldbel i f e)

noted that this assessment was first done for the 2002 Section 303(d) listing cycle using
the 199-199 LWQA total phosphorus data as the primary trophic status indicator

(Table 2).

As described in the 2@ITMDL list, the causgof theaquatic life usempairment vere
described as Anutrient/ eutardg hiilcaw i dind P40 loV ¢

while the caise of the recreation use impairment was described as only

Anutrient/ eutrophi c a&toirdrh/ DiakToMDdalStsla OOIIndi ¢ a
provide information on any potential sources of these impairments. This TMDL report
addresses boththeaguat | i fe and recreation i mpair ment
eutrophication/ andl obecagquandccht besompair
di ssolved oxygen. o
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Brush Lakehas been classified as a Cl&ssarmwater fisheryiWaters capable of
supportingnatural reproduction and growth of warm wdishes(e.g., largemouth bass
and bluegill) and associateduatic biota. Some cool water species may algrdsent
(NDDoH, 2011).

Table 2. Brush Lake Section 303(d) Listing Information (NDDoH, 2012).

Assessment Unit ID ND-1013010-002-L_00

Waterbody Name Brush Lake

Class Class3, Warmwater fishery

Impaired Uses Fish and Other Aquatic Biot&ecreatior(Fully supportingbut
threatened)

Causes Nutrient/Eutrophication Biologicahdicatorsand Low
Dissolved Oxygen

Priority High

First Appeared on 303(d) list 2002

1.2Land Use/Land Cover

Land use in th&rush Lakewatershed is primarily agricultural. Accorditaythe 200
National Agricultural Statistical Service (NASS) land\sy data, approximatefl
percent of théhe contributing watershed is active croplandp@6cent pasture/grassland,
eight @) percemwater/wetlands, four (4) perceti¢velopetbpen space, armhe(1)
percent inother land usesThe majority of the mps grown consist afpring wheat,
sunflower,anddurum wheatcanolg flax, winter wheat, antarley(Figure4).

1.3 Climate and Precipitation

McLeanCounty has a subumid climate characterized by warm summers with frequent
hot days and occasionalalalays. Winters are very cold influenced by blasts of arctic
air surging over the area. Precipitation occurs primarily during the warm period and is
normally heavy in late spring and early summer. Total average annual precipitation for
McLeanCounty isabout17.13inches. Average seasonal snowfall is approxima&gly
inches. Figure5 shows theaverage monthlprecipitation forTurtle Lake, North Dakota
from 1912-2011.
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1.4 Available Water Quality Data

1.41 199-1992 Lake Water Quality AssessmenProject

Il n t he ethmodglya gia® BodndePA Clean Lakes Program the NDDoH

conducted dake Water Quality Assessment Project (LWQ@R)66lakes and reservoirs

in the state. The objective of thBVQA project was to describe the general phgisamd
chemical condition of theH 19®33atebds | akes an

In cooperation with the North Dakota Game and Fish Departiiadies and reservoirs
were targeted based on specific criteria. Those criteria consisted of geographic
distribution local and regional significance, fishing and recreational potentdarelative
trophic condition. Lakes received the highest priority if they had insarftitiistorical
monitoring information (NDDH, 1993.

Brush Lakewas one of the reservoirs tatge for the 199-1992 LWQA. As such,

monitoring consisted ofwto samples codicted in the summer of 19@ndone during the

winter of 192. The smples were collected at one site located in the deepest area of the

lake The 199-1992 LWQA Project charaerizedBrush Lakeas havingnean surface
concentration of totgphosphoruef 0076mgL, whi ch exceeded the St
goal forlake maintenance and improvement concemdradf 0.02 mg/L Nitrate-+nitrite

as N exhibited a volume weighted mean @niration of 0006 mg/L, which suggests

Brush Lakewas a nitrogen limited waterbody.

While there was no evidence of thermal stratification in Brush Lake during 1982
(Figure 7), the |l ake did experience dissol
during summer and winter (Figure 8).

1.4.2 20162011 Brush Lake TMDL Development and Watershed Assessment
Project

TheMcLeanCounty Soil Conservation District (SCD) conductetiMDL development
and watershed assessmenBoish Lakefrom 20L0-2011 Sanpling was conducted at
two tributary inlet sits, (38555 and 385556 at the outlet fronBrush Lake(38%57),
and at onén-lakesite located in the deepest area of the reservod5@E3. Monitoring
sites are identified in Tab®and Figures.

Table 3. General Information for Water Quality Sampling Sites forBrush Lake.

Dates Sampled

Sample Site Site ID Start End Latitude Longitude
Stream Sites
North Inlet 385555 April 2010 SeptembeP011 | 46.51624 -100.1427
Southeast Inlet | 385556 April 2010 September 2011
Outlet 385557 April 2010 September 2011 46.54442 -100.11942
Lake Sites
Deepest 380560 | May 2010 | September 2011 46.54252 -100.11901
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Figure 6. Streamand Lake Sampling Sites for Brush Lake

Stream Monitoring

Sampling frequency fohe stream sampling sites was stratified to coincide with the
typical hydrograph for the region. This sampling design resulted in more frequent
samplesollectedduring spring and early summer, typically when stream discharge is
greatest and less frequesamplescollectedduring the summer and fall. Sampling was
discontinued during the winter during ice cov&tream ampling was also terminated if
the stream stopped flowing. If the streamdrelp flow again, water quality sampling
was reinitiated.

Lake Monitoring

In order to accurately account for temporal variation in lake water quality, the lake was
sampled twice per month during the open water season and monthly under ice cover
conditions.

TheMcLeanCounty SCD followed the methodology for teaquality sampling found in
the Quality Assurance Project Plan (QAPP) for Thetle Creekand Crookedrush
Lakes TMDL Developmeniand Watershed Assessment Project (MBID2010).

Water QualityResults

Water quality was monitored by tihvdcLeanCountySCD inBrush Lakeat the deepest
site (38560 betweerMay 2010andSeptembeR011 Table4 provides a summary of
the2010 and 2011 growing seastata used toalibratethe model. The average
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growing season total phosphorus concentration and chlotegplegincentrations were
28.7 ug/L andl7.5 pg/L, respectively The average growing season Secchi disk
transparency measurement was 1.2 meters.

Table 4 Summary of 20102011Growing SeasonTotal Phosphorus, Total Nitrogen
Chlorophyll -a and Secchi Dik Transparency Data.

Statistic TP g/ | TN (mg/L) Ch'c(’gozh}'”l_a) Desﬁf]c(hn'q)
n 24 24 10 5
Average 28.7 1.34 17.5 1.2
Minimum 8.0 1.07 4.4 0.9
Maximum 48.0 1.174 39.5 15
Median 28.0 1.27 14.3 1.0

Temperature/Dissolved Oxygen Profidata

Brush Lakeshowed no evidence of thermal stratification duringstimamer months of

2010 and 201{Figure 7). Whilemost dissolved oxygen profileeasurements exceeded
the 5 mg/L dissolved oxygen standard, there was evidence of oxygen depletion near the
lakes bottonduring the September 10, 2011 sampling peftodure 8)
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Figure 7. Brush Lake Temperature Profiles Taken in 199, 199, 2010and 2011.
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Figure 8. Brush Lake Dissolved Oxygen Profiles Taken ir1991,1992,2010and
2011,

2.0WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximum Daily Loads (TMDLS) be developed for
waters on a state's Section 303(d) |ist. AT
wasteload allocations for point sources and load allocatiomofgroint sources and natural
backgroundd such that the capacity of the wat
exceeded. The purpose of a TMDL is to identify the pollutant load reductions or other actions

that should be taken so that impaireatevs will be able to attain water quality standards.

TMDLs are required to be developed with seasonal variations and must include a margin of

safety that addresses the uncertainty in the analysis. Separate TMDLs are required to address

each pollutant ocause of impairment (i.e., nutrients, sediment).

2.1 Narrative Water Quality Standards

The NDDoHhas set narrative water quality standards, which apply to all surface waters
in the state. The narrative standards pertaining to nutrient impdsraedisted below
(NDDoH, 2011).

1 All waters of the state shall be free from substances attributable to municipal,
industrial, or other discharges or agricultural practices in concentrations or
combinations which are toxic or harmful to humans, animals, plantssident
aquatic biota.

1 No discharge of pollutants, which alone or in combination with other substances
shall:
1) Cause a public health hazard or injury to environmental resources;
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2) Impair existing or reasonable beneficial uses of the receiving waters;
3) Directly or indirectly cause concentrations of pollutants to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDDoH has set a biological goal for all surface
waters in the st aeéldologichlltanditigroohsurface watdrsesisall t h a t
be similar to that of sites or waterbodies determined by the department to be regional
reference sillps, 0 (NDDoH, 20

2.2 Numeric Water Quality Standards

Brush Lakes classified as a ClaSsvarmwater fislery. Class3 fisheries are defined as

wat er b o dble efsuppordiregymatural reproduction and growtivafm water

fishes (i.elargemouth basandbluegill) and associated aquatic biotdome cool water

species may also be present ( N Q BO4IH All classified lakes in North Dakota are

assigned aquatic life, recreation, irrigation, livestock watering, and wildlife beneficial

uses.The North Dakota State Water Quality StandaNIB[@oH, 2011) state tha@kes

shall use the same numeric criteria agsSl1 streams, includingthel nt er i m gui del
| i nfor tisgsolved nitrate as,f 1.0 mgL and State guideline nutrient goals for lakes

and reservoirs (Tablg).

3.0 TMDL TARGETS

A TMDL target is the value that is measured to judge the succedss ©®MDL effort. TMDL
targets should be based on state water quality standards, but can also inckgkcHitevalues
when no numeric criteria are specified in the standBind following sections summarize water
guality targets for Brush Lakieased orits linkage to maintaining and attaining all of the

r e s e rbeneficial asesWhen the specific target is met, then the reservoir will meet the
applicable water quality standards, including its designated beneficial uses.

Table 5. Numeric Standards Applicable for North Dakota Lakes and Reservoirs (NDDoH ,
2011).

State Water Quality Standard | Parameter Guidelines | Limit

Numeric Standard for Class | and Nitrates ) Maximum

Classified Lakes (dissolved) 1.0 mg/L allowed
Dissolved . _
Oxygen 5 mg/L Daily Minimun?

Guidelines for Goals in a Lake NO3 as N 0.25 mg/L Goal

Improvement or Maintenance

Program PO4 as P 0.02 mg/L Goal

1
fiUp to 10% of samples may exceed

2 AiUp to 10% of representative sampl e santhiovhlleprovideddhatdethali ng any
conditions are avoided. 0

3.1 TSI TargetBased onChlorophyll-a

The statebs narrative water quality standa
life and recreation use assessment for Section 305(b) repantih§ection 303(d) TMDL
l' i sting. I n the case of this TMDL, the st
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the basis for setting the TMDL target. State water quality standards contain narrative
criteria that requi reee IfarkoensdO asnudb srteasnecrevso ifirwsh

har mful to humans, animals, plants, or res
amounts to be unsightly or del eterious. o
of pollutantso (,e.mutrioemgtasn, corengeccdihmemt) ,

combination with other substances, shall impair existing or reasonable beneficial uses of
the receiving waters. o

The chlorophyHa trophic status indicator is used by the NDDoH as the primary means to
assess hether a lake or reservoir is meeting the narrative standards (NDDoH, 2011).
Trophic status is a measure of the productivity of a lake or reservoir and is directly
related to the level of nutrients (i.e., phosphorus and nitrogen) entering the lake or
resevoir from its watershed and/or from the internal recycling of nutrients. Highly
productive | akes, termed Ahypereutrophic, o
characterized by dense growths of weeds,-gheen algal blooms, low transparency, and
low dissolved oxygen (DO) concentrations. These lakes experience frequent fish kills and
are generally characterized as having excessive rough fish populations (carp, bullhead,
and sucker) and poor sport fisheries (Ta)leDue to the frequent algal blooms and
excessive weed growth, these lakes are also undesirable for recreational uses such as
swimming and boating.

Mesotrophic and eutrophic lakes, on the other hand, generally have lower phosphorus
concentrations, low to moderate levels of algae and aquaht giowth, high

transparency, and adequate DO concentrations throughout the year. Mesotrophic lakes
do not experience algal blooms, while eutrophic lakes may occasionally experience algal
blooms of short duration, typically a few days to a week (Table 6)

Therefore, for purposes of this TMDL report, it can be concluded that hypereutrophic
lakes do not fully support a sustainable sport fishery and are limited in recreational uses,
whereas eutrophic and mesotrophic lakes fully support both aquatic life@edtion

use.

Due to the relationship between trophic status indicators and the aquatic community (as
reflected by the fishery) or between trophic status indicators and the frequency of algal
blooms, trophic status is an effective indicator of agud#i@nd recreation use support

in lakes and reservoirs (Table 6).

While thethreetrophic state indicatorghlorophylta, Secchi diskransparencyand total
phosphorususedi n Ca r | sachmdegendénBystimate algal biomassd should
producethe same index value for a given combination of variable vatiits they do

not While transparency and phosphorus mayaxy with trophic state, many times the
changesim b s er v e d transparencylar® kot daussed by changes in algal biomass,
but may be due to particulate sediment. Total phosphorus may or may not be strongly
related to algal biomass due to light limitation and/or nitrogen and carbon limitation.
Therefore, neither transparency nor phosphorus is an independent estimator of trophic
state Carlson and Simpson, 1996yor these reasons, the NDDoH giyesority to
chlorophylta as the primaryrophic state indicatdsecause this variable is the most
accurate of the three at predicting alg@mass (Carlson, 1980).
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The same conclusin was also reached by a mugtate project team consisting of lake
managers and water quality specialists from North Dakota, South Dakota, Montana,
Wyoming and EPA Region 8. This group concluded that for lakes and reservoirs in the
plains region of EPARegion 8, an average growing season chloroghgltbncentration

of 20 pg/L or less should be the basis for nutrient criteria development for lakes and
reservoirs in the plains region (including North Dakota) and that this chloreplatbet

wouldbeprad ct i v e

of

al |

of a | ake

or

reser voi

aqguatic life (Houston Engineering, 2011). The report, prepared by Houston Engineering,
also concluded that most lakes and reservoirs in the plains region typically hatatdigh
phosphorus concentrations, but maintain relatively low productivity, and that due to this
condition, chlorophyHa is a better measure of a lake or reservoirs trophic status than is
total phosphorus (Houston Engineering, 2011).

Table 6. Water Quality and Beneficial Use Changes That Occuas the Amount of Algae
(expressed as Chlorophyia concentration) Changes Along the Trophic State Gradient
(from Carlson and Simpson, 1996).

SecchiDisk Total o
Score| " Yuebly"® | Transparency | phosphonss|  awibwes | RolEe R
(m) (ug/L)
Oligotrophy: Clear
water, oxygen Salmonid fisheries
==l <0.95 >8 <6 throughout the year it dominate
the hypolimnion
Hypolimnia of e .
3040 | 09526 8-4 612 | shallower lakes may | Salmonid fisheries
become anoxic in deep lakes only|
Me(sjotrotplhy: IWa_ter Hypolimnetic
40-50 2.67.3 4-2 12-24 of hypolimnetic loss of salmonids.
anoxia during Walleye may
summer predominate
Eutrophy: Anoxic Warmwater
hypolimnia, fisheries only.
50-60 7.320 2-1 24-48 macrophyte problems Bass may
possible dominate.
Nuisance
macrophytes,
Séune];g;?:na?é%?e algal scums, and
60-70 20-56 0.51 4896 scums and low trgnsparency
macrophyte problem¢ May discourage
swimming and
boating.
Hypereutrophy:
0.95 (light Iimit_ed
70-80 56-155 0 5 96-192 productivity). Dense
’ algae and
macrophytes
Algal scums, few Rough fish
>80 >155 <0.25 192-384 ' dominate; summe
macrophytes : : .
fish kills possible

r

(o
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In-lake water quality data colleet in 2010and 2011showed an averagghlorophylla
, an average tot &8 7uglhansphor us
average Secchi Depth of2Imetersand an average total nitrogen concentratioh. 8
mg/l (Table 4) Based on these daBrush Lakes assessed as a eutrophic eutrophic lake

concentration o17.5¢ g / |

(Table 7.

Eutrophic lakes are characterized by the growth of weeds and occasional bluegreen algal

blooms. Because of the algal blooms and weed growth, these lakes e

undesirable for recreational uses such as swimming and hoating

Table7 Car | s oimSiatelndicesofqr Brush Lake.

Parameter Relationship Units VLISuIe Trophic Status
Chlorophylta TSI (Chta) = 30.6 + 9.81[In(Ch&)] | ug/L 58.7 | Eutrophic
Total Phosphorus (TP| TSI (TP) = 4.15 + 14.42[(In(TP)] ug/L 52.6 | Eutrophic
SecchiDepth (SD) TSI (SD) = 60- 14.41[In(SD)] meters| 57.4 | Eutrophic
Total Nitrogen (TN) | TSI (TN) = 54.45 + 14.43[In(TN)] | mg/L | 58.7 | Eutrophic

TSI <30- Oligotrophic (least productive)

TSI 5065 Eutrophic

TSI130-50 Mesotrghic

TSI >65 - Hypereutrophic (most productive)

According to the phosphorus TSI valB¥ush Lakes a poductive lake (eutrophic)
trending towards hypereutrophic (Table Darlson and Simpson (1996) suggest that if
the phosphomi TSI value isqual tathe chlorophyHa and Secchdisk transparency Sl
value, then algae dominates light attenuation as is the casBrnwgh Lake(Table8).

Carlson andsimpson (1996) also state that a nitrogen index value might be a more
universaly applicable nutrient index than a phosphorus index, but it also means that a

correspondence of the nitrogen index with the chloropdifidex cannot be used to

indicate nitrogen limitation.

Table 8. Relationships Between TSI Variables and Gulitions.

Relationship Between TSI
Variables

Conditions

TSI(Chl) = TSI(TP) = TSI(SD)

Algae dominate light attenuation; TN/TP ~

33:1

TSI(Chl) > TSI(SD)

Large particulates, such Aphanizomenofiakes, dominate

TSI(TP) = TSI(SD) > TSI(CHL)

Non-algal particulatesr color dominate light attenuation

TSI(SD) = TSI(CHL) > TSI(TP)

Phosphorus limits algal biomass (TN/TP >33:1)

TSI(TP) >TSI(CHL) = TSI(SD)

Algae dominate light attenuation but some factor such as nitro
limitation, zooplankton grazing or toxics lindtgal biomass.

As stated previously, the NDDoH has established dakie growing season average
chlorophyla concentration goal o f
including this TMDL forBrush Lake This chlorophyHa goal correspuls to a
chlorophylta TSI of 60 which is in the eutrophic range and, as such, will be a trophic
state sufficient to maintain both aquatic life and recreats®s of most lakes and
reservoirs in the state, includilByush lake

20 eg/ L

f

or

m \
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Through the use of a ¢atatedwater quality modelike CNET (seeSection 5.2)the
averagegrowing season TP load correspondin@hoaverage growing season
chlorophylla concentration d20 pug/L can be esiated Since the observetie average
growing season average chloropkgiconcentration foBrush Lakes estimated tde
17.5ug/L, the TMDL goal and the TMDL equation presente&atction 7.Qvas
developed assuming no future degradation of water quality within the lake (i.e., a lake
protection strategy).

3.2Dissolved Oxyen TMDL Target

The North Dakota State Water Quality Stand
daily minimum (up to 10% of representative samples collected during any three year

period may be less than this value provided that lethal conditions@aiedve d ) 6 and wi
be the dissolved oxygen target #nush Lake

During the 2012011 assessmentsdolved oxygen levels in Brush Lake exceeded the
5mg/L target 94 percent of the time (29 ofszinples)therefore Brush Lake will be
delisted in the next THL cycle.

4.0 SIGNIFICANT SOURCES

There are no known point gices upstream ddrush Lake Thepollutants of concern originate
from nonpoint sources.

5.0 TECHNICAL ANALYSIS

Establishing a relationship betweensineam water quality targets and pédint source loading

is a critical component of TMDL development. ldentifying the ceaarseeffect relationship
between pollutant loads and the water quality response is necessary to evaluate the loading
capacity of the receiving waterbpdThe loading apacity is the amount of a pollutant that can
be assimilated by the waterbody while still attaining and maintaining water quality standards.
This section discusses the technical analyseito estimate existing loads #®rush Lake

5.1 Tributary Load Analysis

The NDDoH provided the daily flow and tributary chemistry data files to use in estimating
total phosphorus loads Byush Lakeover the growing season, defined as the period of time
from April 1 through November 30. FLUX3Rth:/mww.wes.army.mil/el/elmodels/emiinfo.njmivas

used to facilitate the analysis, to reduce the gaged inflow and outflow data, and to estimate
growing season phosphorus loads. FLUX32 is an interactive praged for analyzing
streamflow data and estimating loads (mass transports) of nutrients and other water quality
constituents passing a tributary sampling point over a given period of time

The FLUX32 programwasusedto estimate the annugitowing seasototal phosphorus
(TP) loadfor the gaged areapstream oBrush Lakeand the gaged outflow from the

lake. Mean daily flow data were provided by the NDDoH for the years 2010 and 2011,
as well as several flow measurements paired with corresponding TPremeasts.
Because the water quality goal for the lake is based upon a growing season mean
chlorophylla concentration, the data analysis was performed for the months of April
through November. The screenffilter optiorFInlUX32 was used to exclude dataside
the defined growing season for both 2010 and 2011.


http://www.wes.army.mil/el/elmodels/emiinfo.html
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The basic approach of FLUX32 is to um®e of severatalculation techniquet® map the
flow/concentration relationship developed from the sample record onto the entire flow
record. FLUX32 has thability to stratify the data into groups based uptrranfiow,
date,and/or seasofor the purpose of reducing the error in the load estimatecheck

for any relationships or trends in the data that would indicate that stratification of the data
couldbe used to improve the resulsyious plots of the sample flows and concentrations
were developed and analyz@ge below for the stratification methods employed to
estimate the growing season loads)

5.2 BATHTUB/CNET Trophic Response Model

The CNET model waselected t@imulate the eutrophication response witBmsh

Lake CNET is a modified version of the BATHTURater quality modelWalker,

1996 http://wwwalker.net/bathtub/index.hjymBoth BATHTUB andCNET perform
steadystate water and nutrient balance calculations in a spatially segmented hydraulic
network. The model accounts for advective and diffusive transport and nutrient
sedimentation. Eutrophication related water quality conditame predicted using
empirical relationships previously developed and tested for resgrvoir

CNET is a spreadsheet model currently avai
W. Walker. The primary benefit of using CNET over BATHTUB is that the user

modify the CNET modeto implement aMonte Carlo approachTo complete the Monte

Carlo modelingthe CNET model was linked with a program called Crystal Ball. Crystal
Ball is proprietary software developed by Oracle
(http://www.oracle.com/us/products/applications/crystalball/index)ramd is applicable

to Monte Carlo or stochastic simulation and analysis. Stochastic modeling is an approach
where model parameters afmticing data(e.g.,precipitation) used in the equations to
compute the annual mean concentratiotot#l phosphorusI(P), chorophylta (chl-a),
andSecchi Disk §D) are allowed to vary according to their statistical distribution and
therefore their prolality of occurrence. This allows the effect of parameter uncertainty
and normal variability in the inpute.g.,amount of surface runoff which varies annually
depending upon the amount of precipitation) to be quantified when computing the mean
concentrabn of TP, chia, and SD.

The CNET modelwas developed in three phases. The first two phases involve the
analysis and reduction of the tributary andake water quality dataespectively The

third phase involves model calibration. In the dataicgdn phasgthe inlake and
tributary monitoring data collected as part of the project were summarized in a format
which can serve as inputs to the model.

As described in Section 5.1, the tributary data were analyzed and reduced by the FLUX32
program. Output for the FLUX32 program is then used as input to the CNET model.

In addition to the estimated loads from the FL32program, the CNET model requires
information about each components of the water budget and nutrient mass balance in
order to estimi in-lake water quality concentrations. The development of the water
budget and nutrient mass balances can be fouAgpendix B.

The reservoir water quality data needed to calibrate the model were reduced and
summarized in Excel using three computadiicfunctions. These include: 1) the ability


http://wwwalker.net/bathtub/index.htm
http://www.oracle.com/us/products/applications/crystalball/index.html
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to display concentrations as a function of depth, location, or date; 2) summary statistics
(mean, median, etc.); and 3) evaluation of the trophic status. The reservoir water quality
data were summarized a®tR010i 2011 growing season average.

When the input data from FLWB2 and Excel programs are entered into the CNET

model, the user has the ability to compare predicted conditions (model output) to actual
measured concentrations. The model is consttlealibrated when the predicted
concentrations for the trophic response variables are similar to observed concentrations
based on the monitoring data. CNET then has the ability to predict total phosphorus
concentration, chlorophyl concentration, ande8chi disk deptibased on changes in

total phosphorus loading

The CNET model wasalibratedto estimate the mean growing season (April through
November) concentrations tuftal phosphorus, chlorophyl, and Secchi deptbased on

the observedrowing ®ason total phosphorus load@f5kg. Further, it is estimated

that dout588kg of thattotal phosphorusomes from surface water rung329kg from
internal loading, an@8 kg from atmospheric depositigeee nutrient budget ikppendix

B). Incremendl reductions in the growing seasmial phosphorukads were simulated
using CNET to show thiophiceffect of lowering loads t8rush Lake A series of

model scenarios were performed, where each scenario reflected an incremental reduction
of 10%in the total growing seasdntal phosphorukad toBrush Lake Appendix C
provides a more detailed description of the modeling progedading figures sowing

the effects of reducingpril through Novembell P loads tdBrush Lake

The loading capacitgf Brush Lakewas computed using a stochastic approach based on
the hydrology and water quality simulated by the CNET mddes. loading capacity
(maximumallowable load) for theeservoirwas defined as the growing season TP load
resulting in a seasonal meeimiorophylta concentration for the B@ercentile non
exceedance value @7.5¢ (.. Themean seasonal chlorophylconcentration is shown

by Figure9. The curve nearest to the vallie5 ¢ g /oflchlorophylta for the 50

percentile value is used to estimate the loading capacity. The valdéaf g /ofL
chlorophylla represents éhgrowing season meahlorophylla eutrophication goal for
nondegradation and corresponds to a TSI value @f(88trophic). Figur® shows the
curve with a chlorophyll concentration closest t@.5 pg/l for the 50" percentile value

is for the existngtotal TP load 0®45during the Aprili November growing season. The
results show the value of using a Monte Carlo approach where the underlying statistical
distributions deviate considerably from a normal distribution.

Based on guidance provided thye NDDoH, an idake growing season average
b
a

chlorophyla concentration goal of 20 eg/L has
using the model, the growing schlareppyfta TP | o
is established. Based on thelake mesured data for 2012011, the growing season

average chlorophyh concentration for Brush Lake 1is

Therefore, the TMDL equation was developed assuming no future degradation of water
quality within the lake (i.e., a lake prateon strategy).
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Figure 9. Brush Lake Frequency Distribution for Growing Season (April-
November)Mean Chlorophyll --a Concentrations Resulting from Select Load
Reduction Scenariog20162011 Conditions = 945 kg/season).

5.3 AnnAGNPS Watershed Modé¢

TheAnnualized Agricultural NoRoint Source Pollutio(AnnAGNPS model was

developed by the USDA Agricultural Research Service and Natural Resource

Conservation Service (NRCSThe AnnAGNPS model consists of a system of coteip

models used to predict npmint source pollution (NPS) loadings within agricultural

watersheds. The continuous simulation surface runoff model contains progratr)s for

i nput generation and editing; 2) Aannuali z
reformatting and analysis.

The AnnAGNPS model uses batch processing, contsioallation, and surface runoff
pollutant loading to generate amounts of water, sediment, and nutrients moving from land
areas (cells) and flowing into the watershed stream network at user specifiezhlcati
(reaches) on a daily basis. The water, sediment, and chemicals travel throughout the
specifiedwatershed outlets. Feedlots, gullies, point sources, and impoundments are
special components that can be included in the cells and reaches. Each coagsent
water, sediment, arutrientsto the reaches.

The AnnAGNPS model is able partitionsoluble nutrients between surfaceatirand
infiltration. Sedimentattached nutrients are also calculated in the stream system.
Sediment is divided into fivparticle size classes (clay, silt, sand, small aggregate, and
large aggregate) and are moved separately through the stream reaches.
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AnNnAGNPS uses various models to develop an annualized load in the watershed. These
models account for surface runoff, lsmioisture, erosion, nutrients, and reach

routing. Each model serves a particular purpose and function in simulating the NPS
processes occurring in the watershed.

To generate surface runoff and soil moisture, the soil profdezidedinto two layes.

The top layer is used as the tillage layer and has properties that change (bulk density etc.).
While the remaining soil profile makes up the second layer with properties that remain
static. A daily soil moisture budget is calculated based ofatkimrigation, and snow

melt runoff, evapotranspiration, and percolation. Runoff is calculated usilNRGS

Runoff Curve Number equation. These curve numbers can be modified based on tillage
operations, soil moisture, and crop stage.

Overlandsediment erosion was determined using a modified watessiade version of
(Revised Universal Soil Loss EquatidRYSLE. (Geter and Theurer, 1998).

A daily mass balance for nitrogen (N), phosphorus (P), and organic carboar@C)
calculated for eacbell. Major componentsf N and Pconsideredncludeplant uptake N

and P, fertilization, residue decomposition, and N and P transport. Soluble and sediment
absorbed N ang arealsocalculated. Nitrogen and phosphoansthen separated into
organic ad mineral phases. Plant uptake N and P are modeled through a crop growth
stage index. Roschet. al. 1998)

The reach routing model moves sedimamdnutrients through the watershed. Sediment
routing is calculated based upon transport capacity re&dtips using the Bagnold

stream poweequation (Bagnold, 1966 Routing of nutrients through the watershed
accomplished by subdividing them into soluble aediment attached components and

are based on reach travel time, water temperature, and amtstgnt. Infiltration is also

used to further reduce soluble nutrients. Both the upstream and downstream points of the
reacharecalculated for equilibrium concentrations by using a first order equilibrium

model.

AnNnAGNPS uses 34 different categoregdsnput data and over 400 separate input
parameters to execute the model. The input data categories can be split into five major
classifications: climatic data, land characterization, field operations, chemical
characteristics, and feedlot operatioi@imatic data includes precipitation, maximum

and minimum air temperature, relative humidity, sky cover, and wind speed. Land
characterization consists of soil characterization, curve number, RUSLE parameters, and
watershed drainage characterizatidfield operations contain tillage, planting, harvest,
rotation, chemical operations, and irrigation schedules. Fjriaéylot operations

require daily manure ratetimes of manure removal, and residue amount from previous
operations.

Input paranetersareused to verify the model. Some input parameters may be repeated
for each cell, soil type, landuse, feedlot, and channel reach. Default values are available
for some input parametersthers can be simplified because of duplication. Daily

climatic input data can be obtained through weather generators, local data, and/or both.
Geographical input data including cell boundaries, land slope, slope direction, and
landuse can be generated by GIS &MD(Digital Elevation Mbdels).
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Output data isxgressed through an event based report for stream reaches and a source
accounting report for land or reach components. Output parameters are selected by the
user for the desired watershed source locations (specific cells, reaches, feedlots, point
sourcesgr gullies) for any simulation period. Source accounting for land or reach
components are calculated as a fraction of a pollutant load passing through any reach in
the stream network that came from the user identified watershed source locations. Event
based output data is defined as event quantities for user selected parameters at desired
stream reach locations.

AnNnAGNPS was utilized for thBrush LakeTMDL Developmentand Watershed
Assessmenproject. TheBrush Lakewatershed delineiain began with dowloading a
30-meter digital elevation model (DEMJ EmmonsCounty Delineation is defined as
drawing a boundary and dividing the land within the boundary into subwatersheds in
such a matter that each subwatershed has uniformed hydrological paramedestofia,
elevation, etc.).

Landuse and soil digital imagegere therused to extract the dominate identification of
landuse and soil for each subwatershed. This process is achieved by ovédayisat

and soil images over the subwatershed fiach dominate soil is then further identified
by its physical and chemical soil properties found in a database called National Soils
Information System (NASIS) developed by the NRCS. Dominate landuse identification
input parameters were obtainedngsRevised Universal Soil Loss Equation (RUSLE).

A five year simulation period was run time Brush Lakewatershed at itpresent

condition to provide &est estimation of the current land use ficas applied to the soils
andslopes of the watershed dbtain nutrient loaslfrom the individual cells asell as

the watershed as a wholklajor land use in th8rush Lakewatershed was identified as
active cropland (61 percent), pasture/grassland (26 percent), water/wetlands (8 percent),
and developed/opespace (4 percent). The majority of the crops grown consist of spring
wheat, sunflower, and durum wheat, canola, flax, winter wheat, and barley (Figure 4).
Air seedersand conventional tillagerere used in the cropland field operatioGeop

rotations wee determined fronthree years of land survey data from the National
Agricultural Statistical Service (NASS)ypical danting of the field was done iate

April early Maywith fertilizer being applied at planting in specific amounts determined
by crop ype, harvest occurred iate September to mid Octohespringtillage was done

in early Maywith achisel Fertilizer applicatiommatesof metaphosphate, 1&2-0 (mono
ammonium phosphategnd multiple forms of anhydrous ammonia (i.e-2300, 86:26-0,

etc.) were determined by the croptationand entered into the model

The compiled data was used to aslxaesm t he w
the watershed for potential best management practice (BMP) implemei(Eagore 10).

Critical cells were determined to be cells in the waterghedding anestimatecannual
phosphoruyield of 0.023 Ibs/acréyearor greater

5.4 Dissolved Oxygen

Based largely on dissolved oxygen data collected in-199P, Brush Lake was
originallylistedas fully supporting, but threatened
because dissolved oxygen levels were observed below the North Dakota water quality
standard of 5.0 mg/as a daily minimum and where up to 10% of representative samples
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collected diring any three year period may be less than this value provided that lethal
conditions are avoided. During this time period, low dissolved oxygen levels were likely
due to excessive algal and weed growth due to nutrient loadingtng the 2012011
asessmenBrush Lakedissolved oxygen levelsxceeded the 5.0 mg/L threshold 94
percent of the time

The cycling of nutrients in aquatic ecosystems is largely determined by oxidation
reduction (redox) potential and the distribution of dissolved oxygdroaygen

demanding particles (Dodds, 2002). Dissolved oxygen gas has a strong affinity for
electrons, and thus influences biogeochemical cycling and the biological availability of
nutrients to primary producers such as algae. High levels of nutrientsachio
eutrophication, which is defined as the undesirable growth of algae and other aquatic
plants. In turn, eutrophication can lead to increased biological oxygen demand and
oxygen depletion due to the respiration of microbes that decompose the deadralg
other organic material.

Wetzel (1983) summarized, AThe | oading of
sediments of productive eutrophic lakes increases the consumption of dissolved oxygen.
As a result, the oxygen content of the hypolimnion isiced progressively during the
period of summer stratification. o

Carpenter et al. (1998), has shown that nonpoint sources of phosphorous has lead to
eutrophic conditions for many lake/reservoirs across the U.S. One consequence of
eutrophication is oxygedepletions caused by decomposition of algae and aquatic plants.

They also document that a reduction in nutrients will eventually lead to the reversal of
eutrophication and attainment of designated beneficial uses. However, the rates of
recoveryarevartal e among | akes/ reservoirs. This s
viewpoint that decreased nutrient loads at the watershed level will result in improved

oxygen levels, the concern is that this process takes a significant amount offifne (5

years).

In Lake Erie, heavy loadings of phosphorous have impacted the lake severely.
Monitoring and research from the 196006s ha
levels were responsible for large fish kills and large mats of decaying algae. Binational
programgo reduce nutrients into the lake have resulted in a downward trend of the
oxygen depletion rate since monitoring beg
depletion has lagged behind that of phosphorous reduction, but this was expected (See:
http://www.epa.gov/glnpo/lakeerie/dostory.hjml

Nurnberg (1996) developed a model that quantified duration (days) and extent of lake
oxygen depletionThe CNET model indicate that excessive nutrient logds

responsible for the low dissolved oxygen depletion, referred to as an anoxic factor (AF).
This model showed that AF is positively correlated with average annual total
phosphorou¢TP) concentrations. The AF may also be used to quantify response to
watershed restoration measures which makes it very useful for TMDL development.
Nurnberg (1996), developed several regression models that show nutrients control all
trophic state indicators related to oxygen and phytoplankton in lakes/reservoirs. These
models were developed from water quality characteristics using a suite ofkiotth
American lakes. The morphometric parameters such as surface gre20@acres;

0.81 km?), mean depth (z £0.6feet; 3.23meters) were calculated, and the ratio of mean
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depth to the surface area (g/A) is 3.59 for Brush Lake This shows that these

parameters are within the range of lakes used by Nirnberg. Based on this information,
the N¢grnber go soxywenpelationsbigHoldsriruetfor NogmDiakota lakes
and reservoirs.

6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Clean Water Act and
be established at levels necessary to attain and maintain the applicable narrative and
numerical water quality standards with seasonal variations and a margin of safety that

takes into account any lack of knowledge concerning the relationship between effluent

' imitations and water quality.o The mar gi
into conservative assumptions used to develop the TMDL (implicit) or added as a

separate component of the TMDL (explicit). For the purposes of this nutrient TMDL, a

MOS of 10 percent of the loading capacity will be used as an explicit MOS.

Assuming theexistingannual growing seasghosphorus load tBrush Lakefrom
tributary sources and inteahcycling is945kg, and the TMDL chlorophyla goal is the
current mean concentration bf.5ug/L, then this would result in a TMDL target total
phosphorus lading capacity 0945kg of total phosphorus per year. Based on a 10
percent explicit margin of safety, the MOS for Brish LakeTMDL would be95 kg of
phosphorus per year.

Monitoring and adaptive management during the implementation phase, along with
postimplementation monitoring related to the effectiveness oTtBL controls, will
be used to ensure the attainment of the targets.

6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water Ac

TMDL be establishd with seasonal variations. The Brush |akDL addresses

seasonality because tG&ET and AnnAGNP3nodek incorporateseasonal differares

in theirprediction of annual total phosphorus and nitrogen loadings.
7.0 TMDL
Table9 summarizes the nutriemMDL for Brush Lake in terms of loading capacity, wasteload
allocations, load allocations, and a margin of safety. The TMDL can be generically described by
the following equation.

TMDL = LC = WLA + LA + MOS

Where

LC loading capacity, or the gteat loading a waterbody can receive without
violating water quality standards;

WLA wasteload allocation, or the portion of the TMDL allocated to existing or future
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point sources;

LA load allocation, or the portion of the TMDL allocated taserg or future non
point sources;

MOS margin of safety, or an accounting of the uncertainty about the relationship
between pollutant loads and receiving water quality. The margin of safety can be
provided implicitly through analytical assumptionsexplicitly by reserving a portion of
the loading capacity

7.1 Nutrient TMDL

Based on data collected2010and2011, the existing annugrowing seasototal
phosphorus load tBrush Lakes estimated a845kg (Table9). Assumingthat not
exceedinghe currentoading will result inBrush Lakeattaining and maintaining an
average growing seas@mDL targetmean chlorophyih concentration of7.5ug/L, the
phosphoru§MDL or Loading Capacity i945kg per year. Assuming 10 percent of the
loading capcity, 94.5kg/growing seasonis explicitly assigned to the MOS and there are
no point sources in the watershed all of the remaining loading ca@spkag/yr, is
assigned to the load allocati¢hable9).

I n November 2006 EPA tiasksluiesdhian gneTmdD la nidiam Ay
Light of the Decision by the U.S. Court of Appeals for the D.C. Circuit in Friends of the
Earth, Inc. v. EPA et. al., No. @815 (April 25, 2006) and Implications for NPDES
Permits, 0 which r ec o mnoeiated kadtllocationsarddl T MDL s
wasteload allocations include a daily time increment in conjunction with other

appropriate temporal expressions that may be necessary to implement the relevant water
guality standard. While the North Dakota Department of Hdmdtieves that the

appropriate temporal expression for phosphorus loading to lakes and reservoirs is as an
annual load, the phosphorus TMIDMG has also been expressed as a daily ldad.

order to express this phosphorus TMDUG as a daily load the analloading capacity

of 945kg/seasomwas divided by 365 days. Based on this analysis, the phosphorus

TMDL, expressed as an average daily loa@,59 kg/day with the load allocation equal

to 2.33kg/day and the MOS equal ta26.kg/day.

7.2 Dissolved Oxgen TMDL

As a result of the direct influence of eutrophication on increased biological oxygen
demand and microbial respiration, it is anticipated that meeting the chloraphyll
concentration target for Brush Lake will address the dissolved oxygen impéair/ke
reduction in chlorophylh concentration due to the resulting lower algal biomass levels in
the water column, woulceduce the biological oxygen demand exertethiey

decomposition of these primary produceffie reduction in biological oxygen denth

is therefore assumed to result in attainment of the dissolved oxygen standard of 5 mg/L.



Brush Lake Nutrient and Dissolved Oxygen TMDLs Final: November 2012

Page23 of 26
Table 9. Summary of the Phosphorus TMDLfor Brush Lake.
Total
Phosphorus
Category (kglyr) Explanation
Existing Load 945 From observed data
Total TP load from
BATHTUB/CNET modeling
corresponding to 2012011
average growing season
chlorophylla concentrationf 17.5
Loading Capacity 945 ug/L
Wasteload Allocation 0 No point sources
Entire loading capacity minus MO
Load Allocation 850.5 is allocated to no#point sources
10% of the loading capacity (kg/y1
is reserved as an explicitargin of
MOS 94.5 safety

8.0 ALLOCATION

As determined by th&€ NET/BATHTUB model, which predicted that under similar hydraulic
conditions, an external nutrient loatl945 kdyr would maintain@& ar | sonés -aclBlol or op
of 58.7(equivalent to an average growing season chlorohgtincentration af7.5ug/L).

Using the AnnAGNPS model, it was determined that cells with a phosphorus yield of
0.023bs/acre/ea or greatemspriority areas in the watershed (Figdi@. These cells are the

critical cells which should be examined by an implementation project to determine the necessity
and types of BMP6s to be i mplemented.

The TMDL in this report is a plan to improve watgrality by implementing BMPs through a
volunteer, incentivdased approach. This TMDL plan is put forth as a recommendation to what
needs to be accomplished frush Lakeand its watershed to meet and protect its beneficial

uses. Water quality monitorirghould continue to assess the effects of recommendations made in
this TMDL. Monitoring may indicate that loading capacity recommendations be adjusted.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirements of this TMDL, a lettex seat to the following
participating agencies notifying them that the draft report was available for review and public
comment. Those included in the mailiwgreas follows:

South McLean Soil Conservation District;

McLean County Water Resource Board,;

North Dakota Game and Fish Department;

US Army Corps of Engineers, St. Paul District;

Natural Resource Conservation Service (State Office); and
U.S. Environmental Protection Agency, Region VIII.

= =4 -8 48 -9 -9

In addition to notifying specific agencies of thisdraft TMD r e por t 6,she@MDai | abi | i t
wasposted on the North Dakota Department of Health, Division of Water Quality web site at
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http://www.ndhealth.gov/I W@EW/Z2 TMDL/TMDLs_Under_PublicComment/B_Under_Public
Comment.htm A 30 day public notice soliciting comment and participati@salso published
in theMcLean County Independent

Comments were only received from US EPA Region 8, which were provided as {heir
normal public notice review (AppendX) . The NDDoHO6s response
provided in AppendiE.

@ Outlet

Phosphorus (Ib/ac/yr)
I 0.00000

| 0.00001 - 0.01200

0.01201 - 0.02300
I 0.02301 - 0.07000
I 0.07001 - 0.17900

Figure 10. AnnAGNPS Model Identification of Critical Areas for BMP Implementation.
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100 MONITORING

To insure that the BMPs impleanted as a part of any watershed restoration plan will reduce
phosphorus levels, water quality monitoring will be conducted in accordance with an approved
Quality Assurance Project Plan (QAPP).

Specifically, monitoring will be conducted for all variabtbat are currently causing

impairments to the beneficial uses of the waterbody. Once a watershed restoration plan (e.g. 319
PIP) is implemented, monitoring will be conducted in the lake/reservoir beginning two years

after implementation and extending fiyears after the implementation project is complete.

11.0TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLSs is dependent upon the availability of Section 319 NPS funds or other
watershed restoration programs (e.g. USDA EQIP), as well as securirgd prigect sponsor

and the required matching funds. Provided these three requirements are in place, a project
implementation plan (PIP) is developed in accordance with the TMDL and submitted to the
North Dakota Nonpoint Source Pollution Task Force and B& tor approval. The

implementation of the best management practices contained in the NPS PIP is voluntary.
Therefore, success of any TMDL implementation project is ultimately dependent on the ability
of the local project sponsor to find cooperating predsic

Monitoring is an important and required component of any PIP. As a part of the PIP, data are
collected to monitor and track the effects of BMP implementation as well as to judge overall
project success. Quality Assurance Project Plans (QAPPs)ttietairategy of how, when and
where monitoring will be conducted to gather the data needed to document the TMDL
implementation goal(s). As data are gathered and analyzed, watershed restoration tasks are
adapted to place BMPs where they will have the getditenefit to water quality.
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Appendix A
Flux Analysis



Estimate of Total Phosphorus Load in Gaged Inflow and Outflow

The NDDoHprovidedHEI with daily flow andtributarychemistry data fileso use in
estimating total phosphorus loads to Brush Lake over the growing season, defined as the period
of time from Apil 1 through November 30FLUX32" was used to facilitate the analysis, to
reduce the gaged inflow and outflow data, and to estimate growing seasonAba¥s32 isan
interactive programsed for analyzing streamflow data and estimating loads (masparis) of
nutrients and other water quality constituents passing a tributary sampling point over a given

period of time

The FLUX32 programwasusedto estimate the annugtowing seasototal phosphorus
(TP) loadfor the gaged outflow from Brush Lakas well as for twg@aged areaupstream of the
lake, referred to as the North Inlet and the Prophet Mountain InleFigee 1). Mean daily
flow data were provided by the NDDoH for the years 2010 and 2011, as well as several flow
measurements paired wicorresponding TP measurements. Because the water quality goal for
the lake is based upon a growing season mean chloraphghcentration, the data analysis was
performed for the months of April through November. The screenffilter optiBhlUX32 was
used to exclude data outside the defined growing season for both 2010 and 2011.

The basic approach of FLUX32 is to um®e of severatalculation techniquet® map the

flow/concentréion relationship developed from the sample record onto the entire flow record.
FLUX32 has the ability to stratify the data into groups based sweanflow, date, and/or
seasorfor the purpose of reducing the error in the load estimétecheck for anyelationships

or trends in the data that would indicate that stratification of the data could be used to improve
the results, various plots of the sample flows and concentratieresdeveloped and analyzed

(see below for the stratification methods emplbyo estimate the growing season load¥)e
following sections describe individual data analyses for the gageavitdl and gaged outflow

from Brush Lake

North Inlet Gaged Inflow to Brush Lake

Thedaily streanflow and chemistry data filgsrovided ly the NDDoH representing the
gaged inflow to Brush Lake from the 94&uare milerainage area measured at the North Inlet
(Site 385555 0nsised of two full years of mean daily flow measurements, along4&thP

measurementsaired with correspondingean flow daily valuesFigure 2 is a histogram

! http://www.wes.army.mil/el/elmodels/emiinfo.html


mk:@MSITStore:C:/FLUX/Flux32help.chm::/html/hs1520.htm

comparing the frequency distributions between the mean daily flows and the sampled flows,

which shows the extent to which the flow range was sampled is reasonable.

Figure 1: Gaged and Ungaged Areas Drainingd Brush Lake.

e
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Figure 2: Distribution of Sample and Mean Daily Streamflows at the
North Inlet (Site 385555)during the Growing Seasons of 2010 and 2011

Plots of therelationship betweesamplel streanflows andTP concentrations indicate
potential stastical relationshig betweerflow andconcentration. FLUX32 calculations for
various stratification schemes showaedlight lenefit to stratifying the datidased on splitting the

flow at onehalf of the mean streamflow and double the mean streamflow.

FLUX32includessix calculation techniques finapd the streanflow/concentration
relationship developed from the sample record onto the ett@anflow record toestimate the
mass discharge and associated error statistiesas found that Method 5 regedl in the lowest
coefficient of variation (0.056) for the seas
Method 5, similar to Method 4, is a regression method which adjusts thevBayiited mean
concentration for differences between the averisagnpled flow and the average total flow using
the slope of concentration versus flow. Method 5, however, modifies the estimate by a factor
accounting for differences in variance between the sampled and total flow distri5tftiums.
resulting total TPdad estimated for the combined April through November 2010 and
2011growing seasons at the gaged inlet to Brush Lake is 638 kg, with an estimated annual
average growing season (ApriNovember) TP load of 319 kg. The estimated growing season

TP yield is elatively low at 0.011 pounds/acre. However, based on information from the

% Walker, W. W. (1987). "Empirical methods for predicting eutrophication in impoundments; Report 4, Phase Il
Applications manual," Technical Repor8E-9, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.



